Abstract: We discuss N = 2 → N = 1 reduction in four dimensional conformal supergravity. In particular, we keep the off-shell structure of supermultiplets (except hypermultiplets). As we will show, starting with (almost) off-shell conformal supergravity makes the procedure simpler than that from N = 2 Poincaré supergravity, which makes it easier to show the correspondence to the standard N = 1 conformal supergravity. We find that the N = 1 superconformal symmetry is simply realized by truncating the gravitino multiplet. We also discuss the consistency with the original N = 2 system and show the reduced N = 1 conformal supergravity action.
Introduction
N = 2 supergravity appears as the effective field theory of superstrings compactified on a particular manifold, such as Calabi-Yau manifold. Such string compactification models can realize stable vacua thanks to supersymmetry. Realistic models in string theory may be constructed on such stable vacua. N = 2 supersymmetry somehow needs to be broken at least to N = 1 in realistic models having a chiral gauge symmetry as the standard model. In the context of string theory, it is achieved e.g. by introducing fluxes into compactified spaces, and realistic string models based on flux compactification have been intensively studied (see [1] [2] [3] for review).
Partial breaking of supersymmetry N = 2 → N = 1 may enable us to build more realistic models with chiral spectra, while keeping stability of vacua ensured by the N = 1 supersymmetry. Spontaneous breaking from N = 2 to N = 1 had been thought to be impossible because of the no-go theorem for global [4] and local supersymmetry [5, 6] , but several ways to circumvent the theorem were proposed in [7] [8] [9] [10] for global supersymmetry and in [11] [12] [13] for supergravity. Partial breaking models with non-Abelian gauge symmetry are discussed in [14] [15] [16] [17] [18] . In [19] , it is shown that the spontaneous partial breaking condition in supergravity is systematically understood by using the embedding tensor formalism [20, 21] . Corresponding low energy N = 1 action is discussed in [22] . In [23] , an N = 2 supergravity model interpolating partial breaking to full breaking is proposed.
Once N = 2 supergravity is somehow broken to N = 1, well below the energy scale of the breaking, we expect that the theory would be described in terms of N = 1 supergravity.
Such N = 1 effective theories would be derived by truncating the gravitino multiplet of the second supersymmetry. The consistent N = 2 → N = 1 truncation was discussed in [24] [25] [26] .
In this paper, we perform the consistent reduction of N = 2 conformal supergravity [27, 28] to N = 1 conformal supergravity [29] [30] [31] . Particularly, we keep the off-shell structure of the N = 2 conformal supergravity except the hypermultiplet sector, which is originally an on-shell multiplet. In [24] [25] [26] , the reduction was discussed by using on-shell Poincaré supergravity. It has been known that both N = 1 and N = 2 Poincaré supergravity can be viewed as conformal supergravity with particular gauge conditions. The presence of the extra gauge degrees of freedom is practically useful. Furthermore, we will keep the off-shell structure of the multiplets in N = 2 conformal supergravity (except hypermultiplets, which are generally on-shell), and the off-shell formulation simplifies discussion significantly as one usually expects. We will explicitly show how the N = 2 supermultiplets are decomposed into N = 1 representations. As we will see, the truncation condition is simply understood as the absence of the "N = 1 gravitino multiplet". We will show that, under the condition, the rest of the Weyl multiplet components, gauge and hypermultiplets, are precisely decomposed into the standard N = 1 supermultiplets. The consistency with the "parent" N = 2 theory leads to further conditions on matter multiplets, which reduces the number of N = 1 multiplets as observed in [24] [25] [26] .
The remaining part of this paper is organized as follows. In Sec. 2, we discuss the N = 1 superconformal subgroup of the full N = 2 group, and find how the gauge fields of N = 2 superconformal symmetry form N = 1 multiplets. In Sec. 3, we impose the consistent truncation condition and discuss the decomposition of the rest of the fields into N = 1 supermultiplets. We will see the complete agreement with the standard N = 1 conformal supergravity. We rewrite the N = 2 conformal action in terms of N = 1 representations in Sec. 4 . We also discuss the consistency for the truncation condition derived in Sec. 2 and find that half of the matter representations are required to be truncated. Finally, we conclude in Sec. 5. We show the N = 2 and N = 1 superconformal algebra and the transformation laws of representations in Appendix A and B, respectively.
Throughout this paper, we will use the notation of [32] .
2 N = 1 subgroup of N = 2 superconformal group
We discuss the N = 1 superconformal subgroup of the full N = 2 superconfromal group. The commutation relations and transformation laws of relevant multiplets in N = 2 and N = 1 superconformal algebra are shown in Appendix A and B, respectively.
We define the N = 1 superconformal subgroup of N = 2 superconformal group as follows. The subgroup consists of
anti-Hermitian, we may parametrize U 1 1 = iT with a Herimitian generator T . The {Q, S} commutator is given by (see (A.1))
The linear combination T − 2T ≡ A becomes the chiral U(1) symmetry in the N = 1 superconformal subgroup. Actually, since [T ,
2 Q 1 α , which reproduces the commutator [A, Q] in the standard N = 1 superconformal algebra (B.1). One can also check that [A, S] commutator is correctly realized. We also define another U(1) symmetry, T + T = B, which commutes with all generators in the N = 1 superconformal group. The other commutation relations are intact. Thus, we find N = 1 subgroup in N = 2 superconformal algebra with an additional internal U (1) B symmetry.
Next, let us see the transformation laws under the subgroup, particularly Q and S transformations:
2)
3)
where 1 and η 1 are the spinorial transformation parameters for Q 1 and S 1 , respectively.
, which would be the gauge field for U (1) A of the N = 1 subgroup. The transformation law ofÂ µ is
It is important to stress that the N = 2 Weyl multiplet has extra "matter" components T − ab , χ i , D in addition to gauge fields, which are necessary to close the algebra off-shell. However, in N = 1 conformal supergravity, such extra fields are absent. One needs to remove the term with χ 1 in order to reproduce the correct N = 1 superconformal transformation. It is achieved by redefining φ 1 µ asφ
Then, the transformation law becomes
which is the correct transformation law ofÂ µ if we identify 1 = P L , η 1 = P R η and φ µ1 = P L φ µ , where and η are N = 1 Q-and S-transformation parameter, respectively, and φ µ is S-gauge field in N = 1 conformal supergravity. One also needs to deform the transformation of b µ as follows. The transformation law of b µ is now
To eliminate the term with χ 1 , we use dependent K-transformation, λ Kµ =
8¯
1 γ µ χ 1 + h.c..
Note that this modification does not affect transformation laws of other gauge fields since only b µ transforms as δ K b µ = 2λ Kµ under K and other independent fields are inert under K. Thus, the N = 1 transformation is realized asδ
The transformation law of B µ = 1 2 (A µ + iV µ1 1 ) is simply given bŷ
We also note that the transformation law of χ 1 and of D arê
One finds that the curvature combination iR ab (U 1 1 ) +R ab (T ) depends only on B µ (and its covariatization terms), and therefore, (B µ , χ 1 , D) form a vector multiplet in N = 1 subgroup.
The rest of components in the N = 2 Weyl multiplet transforms aŝ
12)
14)
The gauge field φ 2 µ is a composite field given by
where
Except the covariantization terms, (ψ 2 µ , V µ1 2 , T − ab , χ 2 ) transform to each other under the N = 1 subgroup, and they seem to form an N = 1 gravitino multiplet.
In summary of this section, we have identified N = 1 superconformal subgroup of N = 2 superconformal group, and we find that the N = 2 Weyl multiplet can be decomposed into N = 1 Weyl, gauge (vector), and spin-3/2 gravitino multiplet. Note that, however, these multiplets cannot be the standard N = 1 superconformal multiplets because of the following reason: The "Weyl multiplet" in the N = 1 subgroup is gauged under the second supersymmetry, whereas the standard N = 1 Weyl multiplet is singlet under any symmetries but N = 1 superconformal symmetry. Therefore, even though the subgroup structure looks similar to the standard N = 1 conformal supergravity, the system is different and cannot be expressed in terms of the standard N = 1 conformal supergravity. However, as we will see in the next section, the N = 1 subgroup becomes the standard one once we truncate the second supersymmetry and its gauge field ψ 2 µ in a simple but consistent way.
3 Reduction to N = 1 conformal supergravity
In the previous section, we have discussed the structure of N = 1 superconformal subalgebra.
Here, we will consider the truncation to the standard N = 1 superconformal system by eliminating gauge fields of extra symmetries, such as the second supersymmetry, and its superpartners under the subalgebra.
As we have shown in the previous section, there is a gravitino multiplet formed by
the consistency of the remaining N = 1 superconformal transformation requires all other superpartners to vanish, namely,
No further condition is required from the consistency with the remaining N = 1 superconformal symmetry. These conditions also lead to φ 2 µ = 0, which means the second S-supersymmetry generated by S 2 and S 2 is absent and we should set η 2 = 0 = η 2 . The N = 1 transformation of the gravitino multiplet vanishes under (3.1) and (3.2). We have not yet discussed the consistency of (3.1) and (3.2) with the N = 2 superconformal action and their equations of motion. In particular, N = 2 Lagrangian has terms linear in gravitino multiplet components, which are generally non-vanishing in their equations of motion even if we impose the truncation conditions (3.1), (3.2) . Therefore, additional constraints should be imposed for consistency with the original N = 2 action. We will discuss such conditions in Sec. 4.1. In the following, we just assume (3.1) and (3.2).
The set of gauge fields for N = 1 superconformal subgroup transforms consistently with the standard N = 1 superconformal transformation as discussed in the previous section. Let us look at the transformation of the N = 1 gauge multiplet (B µ , χ 1 , D), which originates from the N = 2 Weyl multiplet. In order to fix normalization factors, we define
and then, we find
whereχ is a Majorana spinor, and we have identified N = 1 supersymmetry transformation parameter as P L = 1 (equivalently 1 = P R ). Here and hereafter, δ N =1 denotes theδ-transformation with the truncation conditions (3.1), (3.2). The combination of the curvature
The field strengthF µν (B) is the covariant field strength of the gauge vector B µ . Here, we have defined the N = 1 gravitino ψ µ as 6) which is consistent with the identification 1 = P L . The transformation laws ofχ and
The set of the transformation laws of (B µ ,χ,D) correctly realizes that of an N = 1 gauge multiplet, as we expected (see (B.6), (B.7), (B.8)). This is a nontrivial check for the correct truncation.
The second nontrivial check is the curvature of the new chiral U(1) gauge fieldÂ µ =
, which is given bŷ
where we have identified the S-supersymmetry gauge field φ µ as P L φ µ =φ 1 . This combination precisely reproduces the curvature of the chiral U (1) A symmetry in the standard N = 1 superconformal group. Note that,φ 1 µ is not the one of original N = 2 S-supersymmetry, φ 1 µ , but the shifted one,φ 1 µ = φ 1 µ − 1 4 γ µ χ 1 , and the χ 1 dependence in the curvature is completely absorbed into φ µ . One can check that the same replacement φ 1 µ →φ 1 µ leads to correct curvatures of other generators. Note also that, special conformal boost gauge field f µ a also needs to be shifted as f
This modified gauge field correctly follows the standard N = 1 superconformal algebra. 1 Thus, our simple truncation gives the standard N = 1 Weyl multiplet and an additional gauge multiplet (B µ ,χ,D) of an internal U (1) B symmetry.
N = 1 truncation for matter sector
Here, we discuss the N = 1 reduction of vector and hyper-multiplets. As we show below, both the vector and the hyper-multiplets are simply decomposed into N = 1 multiplets without truncating any components.
Vector multiplets
First, we consider a vector multiplet [28] made of (X I ,
, where I is an index for vector multiplets I = 1, · · · n V , and i, j denote SU (2) R-symmetry indices. X I is a complex scalar, Y I ij is an SU(2) triplet symmetric tensor
is a Weyl spinor, and A I µ is a gauge vector of (non-)Abelian group. The N = 1 part of the supersymmetry and S-supersymmetry transformation is given by
where f I JK is a structure constant of the algebra, which the gauge field obey. It seems that
To make the N = 1 structure more clear, we need to redefine the auxiliary component Y I 12 asŶ I 12 = Y I 12 − f I JK X JXK . Then, the transformation law of Ω I 2 andŶ 12 are given by
Also, we need to notice that the scalar X I is gauged under the internal symmetry and transforms as the adjoint representation
Then, the transformation laws of (X I , Ω I 1 , Y 11 ) are consistent with that of N = 1 superconformal chiral multiplet. Let us give the standard normalization to those N = 1 multiplets. The chiral multiplets consist of
, and their transformation laws are given by 21) which are the standard N = 1 transformations of a chiral multiplet (see (B.9), (B.10), (B.11)).
Here we have defined the gaugino λ I ≡ −Ω 2I − Ω I 2 . In N = 1 conformal supergravity, there are two important quantum numbers characterizing multiplets, the Weyl and the chiral weight (w, n). Also, in our case, there is an additional U (1) B gauge symmetry originating from N = 2 superconformal symmetry. In the following, we use n B as the U (1) charge. From the normalization of vectors (Â µ , B µ ), we find the charges of the chiral multiplet X I to be (w, n, n B ) = (1, 1, 4/3).
, and their Q-transformations are
All of them are S-inert as the standard N = 1 gauge multiplet (see (B.6), (B.7), (B.8)). This gauge multiplet has weights (w, n, n B ) = (0, 0, 0). As we have shown, the N = 2 vector multiplet can be decomposed into N = 1 chiral and gauge multiplets under the conditions (3.1) and (3.2).
Hypermultiplets
Next, let us consider the hypermultiplet sector [28, 33] which consists of (q X , ζ A (ζ A )), where X is the target space index and runs over X = 1, · · · , 4n H , A is the tangent space one, A = 1, · · · , 2n H , and n H is the number of hypermultiplets. The real scalars q X are the coordinate of hyper-Kähler manifold, and ζ A (ζ A ) are left (right)-handed Weyl spinors. Thê δ-transformations are given as follows: 27) where ρ AB is a covariantly constant tensor satisfying ρ AB ρB C = −δ C A and ρĀ B = (ρ AB ) * and ω XA B (q) is the connection for the tangent space reparametrization. f X iA (q) and its inverse f iA X (q) are frame fields connecting A and X indices, which satisfy the following relations
There is also a reality condition
where ε ij is an anti-symmetric tensor and we take ε 12 = 1. Using these relations, one finds
The vectors k X D , k X I are defined by the D, U i j and the internal gauge transformations of the
where λ D , λ i j and θ I are the transformation parameters of D, U i j and internal gauge symmetry T I , respectively. See [33] for more details of the superconformal hypermultiplet.
The transformation law of ζ A is not covariant under the reparametrization ζ A → ζ B U B A (q). The second term in (3.26) originates from such non-covariance. Therefore, we define the covariant supersymmetry transformation
For more details of the covariant formulation, see [34, 35] . The covariant version of the transformation is given by
Let us introduce the following sections
The covariant supersymmetry transformationδ cov A iA =δA iA + A iB ω XB Aδ q X is given by
where we have used the property of the closed homothetic Killing vector ∇ Y k X D = δ X Y and ∇ X is the target space covariant derivative. These transformations correspond to that of N = 1 chiral and anti-chiral superfields, respectively. In the following, we call A iA as
We note that Φ A * =ΦĀ, which follows from the reality condition (3.29). We rewrite the N = 1 transformations laws (3.36) as
37)
where we have defined the covariant derivative of ∇ µ Φ A as
Here we have used the following facts in deriving the expression (3.38): The frame fields are covariantly flat,
Also, the commutativity of the internal symmetry and the dilatation leads to
Using these facts, one finds
is the inverse of dB A .
Since the hypermultiplets are on-shell multiplets, the corresponding N = 1 superfields are also on-shell multiplets and do not have auxiliary fields. This is why there is no F -term, which appears in the standard N = 1 off-shell chiral multiplets' transformation. We can read off the on-shell value of F-term of Φ A from the transformation ofζ A . Note that the transformation of Weyl spinor has the term
FP L for an off-shell chiral multiplet. Thus, the transformation law ofζ A reads the on-shell F-term of Φ A ,
We will show that this value is consistent with the action of hypermultiplets. One may wonder why there is no fermionic term in the on-shell F-term, which usually exists (see [32] , for example). In [34, 35] it is shown that the covariant F-term on shell is given by a purely bosonic term. Therefore our covariant chiral multiplet Φ A is consistent with the results of [34, 35] .
It is also worth noting that, to realize N = 1 superconformal symmetry, there is no need to reduce the degrees of freedom of hypermultiplets. The transformation laws of the chiral multiplet (Φ A ,ζ A ) and the anti-chiral one (ΦĀ,ζĀ) are precisely that of the (covariantly modified) standard ones.
Finally, let us discuss the charges (w, n, n B ) of the chiral multiplets. The dilatation and SU(2) transformation of A iA following from (3.31) is
From this expression, one can read off the weights of Φ A to be (w, n, n B ) = (1, 1, − 2 3 ) (and ofΦĀ to be (1, −1, In this section, we discuss whether the N = 2 superconformal action is consistently reduced to that of the standard N = 1 conformal supergravity. The standard N = 1 superconformal action of chiral and gauge multiplets is
where N is a real function of chiral multiplets Φ I and its conjugate, W and f AB are holomorphic function of chiral multiplets, and λ A is a gaugino. [· · · ] D,F denotes the superconformal D-and F -term density formulae, respectively [31] . The bosonic part of the action is given by
where e = det(e a µ ), R is the Ricci scalar, N I = ∂ I N , N IJ = ∂ I ∂J N , k I A is the gauge transformation of Φ I , δΦ I = θ A k I A and θ A is the gauge transformation parameter. The complex and real scalar F I and D A are F-and D-term of chiral and gauge multiplets, respectively.
Let us first discuss the N = 2 vector multiplet action under the condition (3.2), which has the following bosonic part,
where F IJ (X) = ∂ I ∂ J F (X) and F (X) is the prepotential with w = 2, N IJ = −iF IJ +iF IJ = 2ImF IJ , and N = N IJ X IX J . We rewrite the action in terms of the N = 1 chiral and gauge multiplet components, (X I , P L χ I , F I ), (A I µ , λ I , D I ) and (B µ ,χ,D):
where we have used the property f L K(I N J)L = 0. We find that the N = 2 vector multiplet action is written as that of N = 1 conformal supergravity with
We note that the second term on the first line of (4.4) originates from the U (1) B charge of X I , n B = 4 3 , or correspondingly the Killing vector, k I B = 4i 3 X I . As we will see, the gauge multiplet of B µ does not have kinetic terms either in the vector or the hypermultiplet action. Therefore, it behaves as an auxiliary superfield, which can be integrated out in obtaining physical action.
Next, let us discuss the hypermultiplet action, particularly its bosonic part given by
and
C AB is a covariantly constant anti-symmetric tensor, which is defined by C AB = ρ AC dC B . The square of Killing vector k 2 D can be rewritten as
We show the components of P Iij explicitly,
where we have assumed the gauge invariance of k 2 D . Using (4.9) and (4.10), we rewrite the action (4.6) as
Except the last term, this action corresponds to the standard N = 1 action with
We note that the second term in (4.11) is consistent because k A B = − 2i 3 Φ A . Also, our consideration about the on-shell F-term of Φ A discussed around (3.42) is consistent with the superpotential (4.12) and the Kähler potential N . The forth term in (4.11) can be regarded as the on-shell F -term scalar potential, −F A dB AFB .
The last term on the second line of (4.11), however, cannot be a part of the N = 1 superconformal action. 3 Indeed, one can confirm that the extra term is necessary to reproduce the on-shell N = 2 action after integrating out the auxiliary fields D and F I . The non-standard term cancels one term in the N = 1 D-term potential, which is absent in N = 2 supergravity potential. We require the last term to vanish for consistency with N = 1 superconformal symmetry,
We will find that this condition is realized as the consistency with the parent N = 2 theory, as we will discuss in Sec. 4.1. In summary, we find that, under the truncation conditions (3.1),(3.2) (and (4.13)), the N = 2 superconformal action of the vector-hypermultiplet system can be reduced to the N = 1 conformal supergravity with
We also note that the chiral multiplet of X I and Φ A have U (1) B charges n B = 4/3 and n B = −2/3, respectively. The U (1) B gauge multiplet does not have kinetic terms, that is, it is an auxiliary superfield. Integrating out the gauge multiplet (B µ ,χ,D) gives constraints on other superfields as in the standard N = 2 conformal supergravity.
Our reduced N = 1 action is not yet consistent with the "parent N = 2" system as the conditions (3.1) and (3.2) can generally be inconsistent with their equations of motion. In order for the action to be fully consistent with the original N = 2 supergravity, we have to check the equations of motion of the gravitino multiplet, particularly, the terms independent of the gravitino multiplet components. We will discuss such conditions in the next section.
Consistency from the on-shell auxiliary fields
We have shown that under the conditions (3.1), (3.2) and (4.13), the N = 2 superconformal action of vector and hyper-multiplets is described in terms of the standard N = 1 conformal supergravity. So far, we have just imposed the truncation conditions (3.1) and (3.2), and have not yet discussed whether such conditions are consistent with their equations of motions. In particular, the terms linear in gravitino multiplet components (ψ 2 µ , V µ1 2 , T − ab , χ 2 ) appear in the N = 2 Lagrangian, which give the terms generally non-vanishing in their equations of motion. In order for such terms to vanish, more constraints on physical multiplets need to be imposed as we will discuss below.
Let us look at the constraints from the auxiliary fields V µ1 2 and T + ab . Under the truncation conditions (3.1) and (3.2), following is required from their equations of motion, 
For instance,ΦĀ CĀBΦB = 0, 18) are required for consistency. We note that the matrix CĀB can be taken as 19) where η n H is n H × n H matrix given by
and p + q = n H . This is realized by taking ρ AB and dB A as
We separate the flat index into two parts, A = (a,ȧ) where a,ȧ = 1, · · · , n H . Then, the conditionΦĀCĀBΦB = 0 becomesΦā
We find thatΦā = 0 (4.24)
is a nontrivial solution for the condition (4.23), which implies the supersymmetric condition Φȧ(x, θ) = 0. This condition removes the half of the chiral multiplets and solves all constraints for hypermultiplets implied by (4.15), (4.16), (4.17).
Next we consider the conditions on the N = 2 vector multiplets. We impose 25) for I = a = 1, · · · , n c , and
for I = α = n c +1, · · · , n V , where n c and n V denote the number of the N = 1 chiral multiplet and the total number of the N = 2 vector multiplet. Note that the gauge transformation of X α = 0 reads δX α = θ K f α bK = 0, namely, f α bc = f α bβ = 0 where θ K is gauge transformation parameters. Similarly, from λ a = 0, f a αβ = f a αb = 0. The condition N IJ X I λ J = 0 implies N aα X a λ α = 0 and also the third term on the right-hand-side of (4.15) vanishes ifF abα X b = 0. Therefore, we require 27) or equivalently,
One can show that T + ab = V µ1 2 = 0 as well as the constraint from the equation of motion of χ 2 (4.17) can be solved by the conditions
Finally, we discuss the condition that the terms linear in ψ 2 µ vanish. Under the condition (4.29), we find the following terms linear in ψ 2 µ and ψ µ2 ,
The first two terms imply the condition stronger than (4.29),F aα = 0. The third term vanishes if f a bc = 0. The second term in the second line of (4.30) vanishes if P α22 = 0, which implies t αab = 0. P a12 = 0 is realized by the condition t aa b = 0 that also removes the fourth term in the first line of (4.30). Thus, we find a set of the consistency conditions,
Note that t aa b = 0 implies t aaḃ = 0 since we use C AB for lowering of the index (see the parametrization (4.19)). Also, only the nonzero structure constant should be f I JK = f α βγ . The set of consistency conditions lead to (4.13), and therefore we need no more requirements.
In summary, we find that the consistent N = 1 truncation of N = 2 conformal supergravity is described by 32) where N = X aX b (−iF ab + iF ab ). The truncation conditions are (3.1) and (3.2), and their consistency conditions with the N = 2 action are (4.31). We note that similar consistency conditions are found in [24, 25] 
Comments on superconformal gauge fixing
We give some comments about the N = 1 superconformal gauge fixing conditions. It has been known that the N = 2 conformal supergravity with vector and hypermultiplets requires one vector and one hyper compensator multiplet. Correspondingly, in our reduced N = 1 system, we need two chiral compensators, one from X a and another from Φ a , whose kinetic term has negative sign. 4 The reason is the following: The equation of motion of the auxiliary fieldD reads 33) and the dilatation gauge fixing condition which makes graviton canonical is 34) in the Planck unit, M pl = 1. These conditions lead to
Therefore, for each set of chiral multiplets X a and Φ a , there should be a multiplet with a negative definite metric to solve these conditions. The U (1) B charge difference between X a and Φ a is crucial for the gauge fixing procedure, and this is why we need both hyper-and gauge multiplet compensator in N = 2 conformal supergravity.
In our N = 1 language, the elimination of two chiral compensators are understood as follows: One of them is removed by the standard superconformal gauge fixing. The other one is eaten by the auxiliary gauge multiplet of B µ , and the massive auxiliary gauge multiplet is integrated out after all. Thus we find only the physical multiplets with positive kinetic terms.
Once we derive the standard N = 1 conformal supergravity system, the superconformal gauge fixing procedure is the same as the standard one (see e.g. [32] ). We do not repeat it here. Note that, one may integrate out the U (1) B gauge multiplet after superconformal gauge fixing since they are commutative.
Summary
We have discussed the consistent reduction of off-shell N = 2 → N = 1 conformal supergravity. As we have shown, the full N = 2 theory has N = 1 subgroup, under which the N = 2 Weyl multiplet is represented by the N = 1 Weyl, the gravitino, and U(1) gauge multiplet. Truncating the gravitino multiplet (3.1), (3.2) consistently realizes the standard rules of N = 1 conformal supergravity. As we have shown explicitly, N = 2 vector and hyper-multiplets simply become N = 1 vector and chiral pairs and two chiral pairs, respectively. Keeping off-shell structure is useful to see the agreement with the standard N = 1 transformation laws. We have found that the N = 2 superconformal action under truncation condition can be described by the standard N = 1 rules, except one term (4.11). We also discussed the consistency of the truncation condition, and it turned out that the consistency with the original N = 2 theory requires to truncate half of the N = 1 multiplets. We have derived relatively simple truncation conditions (4.31), and the resultant N = 1 conformal action is given by the standard formulae with (4.32).
We comment on possible extensions of this work. In this work, we did not study the truncation of the other multiplets such as a tensor multiplet, and similar analysis would be possible for such multiplets as in Poincaré supergravity analysis [26] . Also, the reduction of N = 4 conformal supergravity would also be possible in a similar way. A possible application of our off-shell formalism would be to describe the reduction of N = 2 models with higher-derivative terms, where the consistent reduction would be more difficult for on-shell Lagrangian. Constructing phenomenological and cosmological model building would also be an interesting direction. We will study these possibilities for future work.
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A N = 2 superconformal algebra and transformation laws of multiplets N = 2 superconformal group consists of the set of generators
where P a is translation, Q i supersymmetry, S i S-supersymmetry, M ab Lorentz rotation, D dilatation, U i j SU(2) R-symmetry, T chiral U(1), and K a special conformal boost. The index a is for a local Lorentz index, i for SU (2) , and α for spinor index. We have a set of gauge fields (e a µ ,
for each generator. We use the notation that Q i and S i are left handed, and accordingly, ψ i µ and φ iµ are left handed, ψ i µ = P L ψ i µ . Complex conjugation raises or lowers SU(2) indices. The nontrivial commutators of N = 2 superconformal algebra are as follows.
We also show the Q-and S-transformations of the independent gauge fields and auxiliary fields:
where T − ab is an anti-self dual tensor, χ i is left-handed spinor, and D is a real scalar. We use D µ , through out this paper, as the covariant derivative under superconformal and internal gauge symmetries. We also show the curvatures which appear in the transformations, B N = 1 superconformal symmetry and multiplets
We show the N = 1 superconformal algebra and Q-and S-transformation laws of the Weyl, a gauge and a chiral multiplet. The algebra consists of (P a , Q α , M ab , D, A, S α , K a ). The commutation relations are The Weyl multiplet has four independent fields (e a µ , ψ µ , b µ ,Â µ ) and others are dependent. The Q-and S-transformation laws of independent fields are as follows:
3) A chiral supermultiplet (Φ I , P L χ I , F I ) made of a complex scalar Φ I , a left-handed Weyl spinor P L χ I and a complex auxiliary field F I has the following transformation laws:
10)
where w is the Weyl weight corresponding to the charge under dilatation D. We have assumed that the multiplet is gauged and k I A is the Killing vector δX I = θ A k I A and λ A denotes a gaugino. Note that a chiral multiplet satisfies w = n where n is the charge under A,called the chiral weight. The above expression is not covariant under the coordinate transformation of the scalar manifold spanned by X I . The covariant formulation of chiral multiplets can be found in [34, 35] .
